Objectives To investigate signs of infection and infection-related complications of apical periodontitis (AP) in patients who underwent chemotherapy for lymphoma. Materials and methods Data were collected retrospectively from the dental and medical records of patients receiving chemotherapy for lymphoma. Based on the findings from a dental evaluation made in conjunction with chemotherapy, the patients were divided into two groups, patients with or without teeth with AP.
Introduction
Chemotherapy is the first-line treatment for malignant blood diseases, such as leukemia, lymphoma, and myeloma. Immunosuppression to varying degrees is an inevitable consequence of this treatment. The cytotoxic effect of the chemotherapeutic drug on blood cells results in leukopenia to a degree that depends on the type of drug and dosing regimen used [1] . As a consequence of immunosuppression, anatomical sites (such as the oral cavity) that normally harbor microorganisms are potential foci for infection and systemic spread of microorganisms, resulting in septicemia [1] .
Treatment of patients with lymphoma typically involves different combinations of chemotherapeutic drugs given in cycles with short intervals (2-4 weeks). Following diagnosis and a decision on the treatment protocol, treatment is initiated immediately. As a result, there is little time or possibility to perform a dental examination before the first chemotherapy cycle. As a consequence, patients may enter the treatment with ongoing dental disease.
Apical periodontitis (AP), which is a symptomatic or asymptomatic inflammatory condition of the periradicular tissue of the teeth, results from interactions between microorganisms in an infected root canal system and the host's immune system [2] . AP may develop in response to a primary infection in a necrotic pulp or after root canal treatment due to a persisting infection or a reinfection in inadequately treated teeth. Although the incidence of AP in the healthy population of Sweden in general is slowly decreasing due to improvements in dental health, it remains a common condition, and its prevalence increases with age. The majority of adult Swedes have at least one root-filled tooth. The prevalence of AP in the Swedish population is approximately 30%, and 25% of the root-filled teeth present signs of persistent infection and inflammation upon radiographic examination [3] .
The risk for exacerbation of AP to occur and become symptomatic with local or systemic signs of infection is not well known [4] . Based on repetitive cross-sectional studies of AP in both untreated and root-filled teeth, Eriksen estimated the incidence to be less than 5% per year [5] . In a group of patients with persistent AP after endodontic treatment, the incidence of exacerbation with local signs of infection was even lower, at less than 6% over a period of 20 years [6] . Thus, the risk for exacerbation of AP in a healthy population must be considered to be low, albeit not negligible. A recent systematic review calculated the weighted prevalence of dental infections/abscess during chemotherapy to be 5.4% [7] . In the immunosuppressed patient with neutropenia, all emerging infections can result in a severe systemic infection, requiring hospital admission and intravenous treatment with broad-spectrum antibiotics [1, 8] . The gold standard for preparing patients for treatment with cytotoxic drugs includes, if possible, a dental clinical and radiographic examination to identify and eliminate dental infection foci before starting chemotherapy [9] [10] [11] . For patients with lymphoma, for whom chemotherapy starts almost immediately after establishment of the diagnosis, this option is limited, which means that patients may enter the medical treatment with AP.
The aim of this retrospective study was to investigate infection-related complications of AP in patients who underwent standard dose chemotherapy without stem cell support for lymphoma.
Methods
The dental and medical records of patients (N = 284) who received a diagnosis of lymphoma at the Department of Hematology and Coagulation, Sahlgrenska University Hospital, Gothenburg and who were referred, according to the clinical care protocol, for dental evaluation at the Clinic of Oral Medicine in the period 2005-2013 were consecutively reviewed. The standard dental evaluation included a medical and dental history, including self-reported symptoms, clinical inspection of soft and hard oral tissues, and complete intraoral and panoramic radiographic surveys. A consultant in oromaxillofacial radiology interpreted all the radiographic images. All included lymphoma patients were planned for standard dose chemotherapy without stem cell support.
The time interval between lymphoma diagnosis and start of chemotherapy is usually very short. Therefore, the majority of the study patients had already started chemotherapy when the dental evaluation was performed. The clinical evaluation included inspection of oral tissues; a full assessment of periodontal status by probing is not routinely conducted in our center for patients with cancer who have started chemotherapy.
The inclusion criteria for the study group were (i) a full dental examination, including radiographic survey, and (ii) the presence of at least one tooth with periapical radiolucency. AP was defined as the presence of a periapical radiolucency and absence of lamina dura, judged as periapical destruction by the radiologist, and in not root-filled teeth without response to sensitivity testing. The control group fulfilled criterion (i) but not criterion (ii).
The exclusion criteria were lack of complete record data, missing radiographs, complete edentulousness or a full dentition consisting of implants, and cessation of a planned chemotherapy regimen due to unforeseen medical complications. Fifty patients were excluded based on these criteria.
In the remaining group of 234 patients, 20 received immediate dental treatment upon dental evaluation and were excluded from further analysis, since no teeth with AP remained after the dental treatment. In the excluded group, three patients were scheduled for autologous stem cell transplantation after initial chemotherapy. One patient had a severely deteriorated dental status in combination with severe dental anxiety and received dental treatment under general anesthesia. Nine patients had teeth with AP that were adjudged to be non-treatable due to severe loss of tooth substance, so extractions were performed. Seven patients had teeth with AP for which endodontic treatment was performed during chemotherapy following an individual risk assessment carried out by the dentist and not related to symptoms. In the remaining cohort of 214 patients, one patient had a complex medical situation with repeated systemic infections and was admitted to the hospital for 15 weeks (110 days) during chemotherapy protocol. This patient was considered an outlier and was excluded from the analysis. Thus, the cohort that proceeded to further review consisted of 213 patients, of whom 86 had one or more teeth with AP (study group) ( Table 1 ). The 127 patients without AP formed the control group (Table 1) . The follow-up observation period in the medical and dental records was set to day 1 of the first chemotherapy cycle, with the endpoint set at 4 weeks after the start of the last chemotherapy cycle.
Data on exacerbation and local signs of infection, defined as registration of pain, and clinical signs of swelling or painful response to biting and/or palpation related to a tooth with AP were retrieved from the patients' records. In addition, data on exacerbation and local signs of infection emerging from periodontal tissues or partially erupted third molars were registered.
Medical data were retrieved from the medical records and consisted of hematological diagnosis and chemotherapy regimen. From the start of the first cycle of chemotherapy to the end of the observation period, administered antibiotics and the reason for antibiotic treatment, use of granulocyte colonystimulating factor (G-CSF), white blood cell counts (WBC), neutrophil counts, number of days with fever (> 38°C), number of ward admissions, number of admission days, and reason for admission to hospital during the observation period were registered. The patients' characteristics are presented in Table 1 .
Statistical analyses of differences between groups were done using the Student's t test or Fisher's exact test with the aid of the PRISM 6 software (GraphPad Software Inc., La Jolla, CA, USA). The level of significance was set at P < 0.05. The Regional Ethical Review Board in Gothenburg approved the study (no. 190-14) , and the study was performed in accordance with the Declaration of Helsinki.
Results
For all the patients, the study period had an average duration of 4.4 months. Patients with AP were followed for an average of 4.5 months (median, 4.4; range, 1.8-9.5 months), and patients without AP were followed for an average of 4.3 months (median, 4.3; range, 2.3-7.4 months; Table 2 ). The mean WBC before the start of chemotherapy was 8.5 × 10 9 /L for the study group and 8.6 × 10 9 /L for the control group (Table 2) . Data for two patients in the study group were missing. There were no significant differences in the WBC counts at treatment start between the group of patients with AP and the group without AP (P = 0.838) ( Table 2) .
One or more teeth with AP were found in 86 of the 213 patients reviewed (Table 2 ). In total, 180 teeth with AP were registered among the 86 patients in the study group. Sixty-four teeth (36%) had AP in teeth that were not previously root-filled, and 116 teeth (64%) showed post-endodontic AP. Fifty patients had more than one tooth with AP, while 36 patients had only one tooth with AP. At the time of dental examination, the majority of the patients had started chemotherapy. Only 15 patients (of the 213 included patients) had undergone a dental examination prior to the start of chemotherapy.
Sixty-seven percent of patients in the study group had symptoms from the oral mucosa at baseline evaluation. Most frequently reported were dry mouth (58%) and taste alterations (41%). Oral ulceration was reported with a frequency of 5%. Six percent (n = 5) of the patients reported dental tenderness. In the control group, symptoms from the oral mucosa were described in 75% of the patients. Most frequently reported were dry mouth (60%) and taste alterations (53%). Ulceration was reported with a frequency of 7%. In the control group, 3% (n = 4) of the patients reported dental tenderness and 4% (n = 5) reported dentin hypersensitivity.
Seven patients (8%) in the study group with AP experienced an exacerbation of their condition during the observation period (Table 3) . Five of the exacerbations were associated with teeth that were not subjected to earlier root canal treatment, and two teeth showed incomplete root fillings ( Table 3) . None of the patients displayed facial swelling. Emergency dental treatment varied from extraction to trepanation, and permanent treatment ranged from extraction to root filling to apical surgery. Most of the patients with exacerbations were administered antibiotics, either as a prophylactic measure in connection with dental treatment or as part of emergency treatment (Table 3) . Among the five patients in the study group that reported dental tenderness from teeth at baseline evaluation, three patients later experienced an exacerbation of the AP.
In five out of the seven patients, exacerbation occurred following the first cycle of chemotherapy (Table 3 ). The subtype of lymphoma diagnosis varied, as shown in Table 3 . The radiographic images of the endodontic lesions causing the exacerbations did not show a distinct pattern regarding size, in either root canal-treated (Fig. 1a) or non-treated (Fig. 1b) teeth.
Of the patients with exacerbation, the WBC counts in six of the patients and neutrophil counts in two patients could be retrieved from the medical records, within 3 days of the date of exacerbation (Table 3) . One patient had leukopenia (WBC < 1 × 10 9 /L) at the time of exacerbation. Three out of the seven patients were treated with G-CSF to shorten the period of neutropenia. Comparing the study group with the control group, there was no significant difference (P = 0.183) in the number of patients with fever requiring hospital admission during chemotherapy (Table 2 ). No significant difference was noted between the two groups for hospital admission events due to fever or infection during chemotherapy (P = 0.512) or for antibiotic treatment owing to dental infections (P = 0.164) ( Table 2) .
In all, 38% (33/86) of the patients in the study group and 20% (25/127) in the control group had a general marginal bone level loss equal to or greater than one-third of the root length. In the study group, 4% (3/86) of the patients had partially erupted third molars, while the corresponding figure for the control group was 8% (10/127). Exacerbation of chronic periodontal disease occurred in two patients during the observation period, according to the medical and dental records. No patient had registration of signs or symptoms of infection from partially erupted third molars.
Discussion
The present study shows that exacerbation of asymptomatic AP occurs during chemotherapy for lymphoma. However, no episode of exacerbation generated a significant impact on systemic health, such as fever or a need for hospital admission.
The risk for exacerbation of asymptomatic AP in a healthy population is not well known. Yu et al. have estimated the risk of exacerbation as < 6% over a 20-year period [6] . Crosssectional studies have indicated an annual exacerbation incidence of < 5% [5] .
In the present study, 8% of the patients with asymptomatic AP at baseline experienced an exacerbation during the observation period. Notably, five out of seven of those exacerbations occurred after the first cycle of chemotherapy.
The majority of the exacerbations were associated with teeth that had not been subjected to root canal treatment. This suggests a higher risk of exacerbation for untreated teeth with AP. Two patients experienced exacerbations in teeth that had AP in association with incomplete root fillings. It is well established that an incomplete root filling correlates with a remaining infection [3] . Necrotic pulp tissue and, in some cases, the periapical tissue harbor microorganisms that in an immunocompetent patient are usually controlled by the immune system. Immunosuppression due to chemotherapy reduces the number of leucocytes, leading to an increased risk for infection [1] .
Of the 213 patients whose dental and medical records were reviewed in this study, 40% (86 patients) had at least one tooth with AP. This is in line with prevalence figures reported in epidemiologic surveys [12] . The observation period for patients with AP in the present study was in the range of 1.8-9.5 months, with an average of 4.5 months. The maximum observation period of 10 months indicates that the observed exacerbation frequency of 8% is higher than the estimated 5% annual incidence reported previously [5] . Thus, chemotherapy seems to increase the risk that AP will become symptomatic, as compared to what may be expected in a healthy population.
Patients with severely deteriorated teeth received dental treatment despite the fact that chemotherapy had been started and they were excluded from the study. Thus, it is possible that our reported exacerbation frequency of AP would have been higher if patients with more severe dental disease had been included.
The lack of population-based studies on the risk for exacerbation of endodontic lesions hinders a statistical comparison of the exacerbation frequency reported in this study with the corresponding frequency in a healthy population. However, the exacerbation frequency reported here is much higher than the < 5% annual risk described in the earlier study [5] .
Dental intervention in patients who are treated with chemotherapy due to cancer is a challenge for the dental community. The ideal situation is to complete the necessary dental treatment before chemotherapy is started. However, this is not always possible due to time limitations, the medical status of the patient, and urgency to initiate chemotherapy. Toljanic and colleagues have suggested in a prospective study that patients with chronic dental diseases without risk could proceed to chemotherapy without dental treatment [13] . In this study, patients diagnosed with acute dental pathology underwent dental treatment to remove the source of infection, but patients diagnosed with chronic dental pathology received no dental treatment [13] . They also reported that acute dental infections emerging during chemotherapy could be treated without medical complications [13] .
In a recent prospective study, Schuurhuis and coworkers used the same protocol as described by Toljanic et al. whereby acute oral infections were eliminated prior to chemotherapy but chronic oral foci were left untreated in a group of patients with hematological malignancies [14] . Schuurhuis et al. found that the prevalence of exacerbation of chronic oral foci during hematologic treatment was 4%, which is similar to the findings reported by Toljanic et al. [14] . The present study lends further support to the results presented in the two aforementioned studies.
Regarding analyses of blood samples (WBC, neutrophils), consistent data were missing. Interestingly, only one of the six patients for whom WBC counts were available at the time of exacerbation displayed leukopenia. A possible explanation for this is that some time elapsed between the onset of infection, occurrence of symptoms, and finally diagnosis and treatment. None of the patients in the exacerbation subgroup needed to be hospitalized or had a period of fever described in their medical record as a consequence of exacerbation. Thus, AP does not seem to lead to major medical consequences. This is probably due to the close monitoring of patients, whereby appropriate dental and medical treatments are started as soon as oral infections are diagnosed.
In similarity to AP, marginal periodontitis is a disease caused by infecting bacteria. In measuring the systemic effects of oral infections, the presence of periodontal disease is of importance. In patients with cancer, periodontal disease has been implicated as a major risk factor for septicemia [15] . Exacerbation of chronic periodontal disease occurred in two patients during the observation period, according to the medical and dental records. Since a full assessment of pocket depth is not performed routinely in our center for patients that have started chemotherapy, the level of periodontal disease is limited to an estimation of marginal bone loss, which is a limitation of the present study.
Partially erupted third molars (PEMs) are well known to cause infection around the partially erupted tooth [16] . Immunosuppression following high-dose chemotherapy increases the risk for local infection in the regions of partially erupted teeth [17] . In the present study, no local infection was registered for any of the patients with PEMs. Therefore, this type of oral infection did not influence the results.
Taken together, several sources with potential to cause oral infections were present in our group of patients. However, in the patients who developed exacerbations, acute infection was not attributable to causes other than AP.
In this study, no consistent patterns in relation to the subsets of lymphoma and chemotherapy regimens were seen in the patients with exacerbation of AP. Thus, despite the complexity of the subtypes of lymphoma and also of the treatment regimens, three features seem to predict exacerbation: (i) the tendency for exacerbation to occur after the first cycle of chemotherapy, (ii) the presence of a periapical lesion and absence of root filling, and (iii) incomplete root filling.
Although the dental infection-related events in this study were few and without severe medical consequences, all emerging infections in severely immunosuppressed individuals can lead to life-threatening conditions. According to Elad and coworkers, choosing the strategy of no dental treatment increases the probability to an additional 1.8 of every 1000 hematopoietic stem cell transplant patients dying secondary to dental infection [18] . Despite the findings in the present study and other studies [13, 14] that chronic dental infections do not pose a severe medical risk, this risk cannot be regarded as negligible. Importantly, the patients in the present study, as well as in the studies by Schuurhuis et al. [14] and Toljanic et al. [13] , received dental treatment of acute oral infections.
In conclusion, 8% of patients with AP experienced an exacerbation that required dental treatment and/or antibiotic treatment in an outpatient setting. However, no patient with dental AP had complications that required hospital admission due to fever or infection. Prompt dental treatment in each case of exacerbation prevented more serious infection-related complications. Bearing in mind the time limitations and available resources, it is recommended to establish dental treatment protocols that are safe and efficacious for patients who are scheduled for intensive chemotherapy.
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